abnormalities in the intrinsic coagulation system and to monitor anticoagulant therapy (8) . The automation of clotting assays was first made possible with the introduction of photo-optical analyzers in the 1960s and 1970s (9) . The formation of the fibrin clot leads to concomitant changes in the optical density of the plasma sample, and the coagulation endpoint is determined by comparing these changes with a threshold level. The use of threshold algorithms with optical signals may be subject to large variations. In modern photo-optical analyzers, such as the MDA ® system, this is overcome by collecting optical data over the entire course of clot formation and processing the resulting clot waveform by intelligent algortihms (10) .
In performing an aPTT on the MDA system, an abnormal biphasic waveform (BPW) was originally described in critically ill patients with DIC (11, 12) . The utility of the BPW as a pre-DIC marker was further demonstrated in a prospective cohort study in patients admitted to an intensive care unit (ICU) (13) . The presence of the BPW has also been associated with high risk for sepsis and mortality (14, 15) . The development of the BPW is a consequence of the formation of LC-CRP (lipoprotein-complexed CRP), a divalent metal ion dependent complex of C-reactive protein (CRP) and lipoproteins, very low density lipoprotein (VLDL) in particular (13) . Previous studies on the association of the BPW with DIC have been performed in critically ill patients admitted to an intensive care unit (13, 15) . In this study, we have examined the utility of the BPW to detect DIC in non-ICU hospitalized patients with various underlying conditions known to predispose to this condition.
PATIENTS, MATERIALS, AND METHODS

Patients and Diagnosis
This was a single-center, prospective, observational study in patients suspected to be associated with DIC. Over a 12-month period, all patients with more than 10 µg/mL of fibrin(ogen) degradation products (FDP) on admission to the Mie University Hospital were evaluated. Informed consent was obtained from the patients enrolled in the study. The study was approved by the Mie University Review Board for human studies. The total study cohort consisted of 508 patients (225 women and 283 men, mean age 53.2 years) with a variety of underlying diseases (Table 1) . Patients with deep vein thrombosis/ pulmonary embolism (DVT/PE) and cerebrovascular diseases were selected as negative controls to be associated without DIC. DIC was diagnosed by the ISTH criteria for overt DIC (4) and the domestic DIC criteria of the Japanese Ministry of Health and welfare (JMHW) (16) . aPTT Waveform Analysis Blood was collected into 0.129 M trisodium citrate in the ratio of one part anticoagulant to nine parts of whole blood before administration of any anticoagulants. Plasma was prepared by centrifugation within 60 minutes and analyzed immediately. The aPTT, including waveform analysis, was determined by use of the Platelin ® LS reagent on the MDA ® II analyzer (bioMérieux, Inc, Durham, NC, USA). Changes in the precoagulation phase were quantified by the measurement of the slope-1 parameter (Fig. 1 ). The presence of a BPW was automatically detected by the MDA II analyzer when slope-1 exceeded a threshold value of -0.25 %T/second (i.e. when the slope became more negative).
Statistical Analysis
The association of the BPW with DIC was investigated by 2×2 contingency tables, with calculation of sensitivity, specificity, positive predictive value (PPV), negative predictive (NPV), and odds ratios, with 95% exact confidence in-tervals. Statistical significance of associations was investigated by Fisher's exact test (p<0.05 indicated statistical significance). Strength of agreement between ISTH and JMWH DIC scores was evaluated by the kappa coefficient.
RESULTS
In our study, 76 patients (15%) were diagnosed with overt DIC according to the ISTH criteria, whereas 96 patients (18.9%) were diagnosed with DIC following the JMWH criteria ( Table 1 ). In positive and negative cases, both scores showed a concordance of 71.9% and 98.3%, respectively. This gave an overall significant (p<0.0001) agreement between both scores of 93.3% (kappa coefficient is 0.76). The positive concordance was highest in patients with infection (87.5%) but low in solid cancer (54.2%) ( Table 2) .
Negative aPTT slope-1 values are indicative of the abnormal biphasic waveform response, and First, a lag phase is observed because a critical fibrin fiber size needs to be reached before a measurable change in light transmittance occurs. This is followed by rapid polymerization into larger fibrin fibrils and a concomitant sharp decrease in transmittance. Finally, when the fibrin clot is fully formed, the light transmittance level reaches a steady state plateau. Characteristic of the abnormal biphasic waveform (right panel) is the early drop in light transmittance in the precoagulation phase, i.e. before the actual formation of the clot. In a normal aPTT waveform, light transmittance is still 100% at 25 seconds, whereas this has dropped to below 70% at this time point in the severe biphasic response shown here. The severity of the biphasic response is quantified by slope-1. This parameter (%T/sec) is the slope of a linear regression line forced through the optical signal changes obtained in the precoagulation phase.
the distribution of this parameter in the various disease categories as well as subcategories with/without DIC is shown in Table 3 (ISTH overt DIC score) and Table 4 (JMWH DIC criteria). In "Infection," the Slope-1 values were sig-nificantly lower in DIC positive than in DIC negative (p<0.01). The Slope-1 value was the highest in "Infection" among other underlying diseases (p<0.01). Mean slope-1 values were negative in patients with infection or obstetric dis- (Table 5 ). The prevalence of the BPW was, however, significantly higher in pa-tients with DIC (59.2% or 47.9%, depending on the score) than in those without DIC (4.6%). In DIC the prevalence of the BPW was markedly high (75.0-86.4%) in patients with infection. Patients with DVT/PE, autoimmune disease, or cerebrovascular disease also tended to show the BPW in 10.5-12.5% of cases without DIC.
The BPW showed a moderate sensitivity of 59.2% or 47.9% for the diagnosis of DIC by ISTH Abbreviations: Same as in Table 3 . Table 6 ). The BPW showed a high specificity of 95.4% for the diagnosis of DIC by both criteria. Overall, the appearance of the BPW was significantly associated with DIC (p<0.0001); odds ratios were 29.9 and 19.0 for ISTH and JMWH criteria, respectively.
DISCUSSION
In our cohort study of 508 hospitalized patients with elevated FDPs, 15% were diagnosed with overt DIC according to the criteria of the ISTH, whereas a somewhat higher fraction (18.9%) was diagnosed with DIC according to the Japanese criteria. In our previous report (17) , less than 10 µg/mL of FDP was observed in 8.8% of patients with overt DIC, especially patients with abnormal liver function. It is believed that there was less anxiety, which overlooks many DIC patients. Taking into account both positive and negative diagnoses, the two DIC scores showed a significant concordance and agreed in 93.3% of the cases. These findings are similar to a previous report on the comparison of both DIC criteria (17) . In positive cases, however, the overall agreement was only 71.9%. This indicates that the Japanese criteria are more sensitive for DIC. The positive concordance was highest in patients with infection (87.5%) but low (54.2%) in patients with solid cancer. These discrepancies may have resulted from structural differences in both scoring systems. The Japanese system scores for both clinical and laboratory criteria, whereas the ISTH system is based on laboratory criteria only. For example, if 3 clinical points are received in the JMWH system, then only 4 additional laboratory points are needed for a positive DIC diagnosis. In the ISTH system, a minimum of 5 laboratory points is needed for a positive diagnosis. This may explain the low positive concordance of 54.2% in patients with solid cancer, which frequently scores 3 clinical points in the Japanese system. The majority of infected patients have only 2 clinical points. Then, 5 laboratory points are required to diagnose DIC, similar to the ISTH system. This may explain the closer positive concordance of 87.5% in this patient category.
In this cohort of hospitalized patients we also evaluated aPTT clot waveform profiles for changes in the precoagulation phase. This is quantitatively assessed by the slope-1 parameter. Negative slope-1 values are indicative of an abnormal biphasic waveform (BPW) response, which has previously been associated with high mortality and morbidity rates (DIC, sepsis) in critically ill patients (13) (14) (15) . The mean value of aPTT slope-1 was negative only in patients with infection or obstetric diseases. In all patient categories, the mean slope-1 values were also negative in the subpopulation diagnosed with DIC. These findings indicate that aPTT waveform analysis detects a different state in patients with infection and/or DIC. By applying a threshold setting of -0.25%T/sec, the BPW was observed in 12.8% of the total cohort. The prevalence of the BPW varied among diagnostic categories and was highest (23.6%) in patients with infection. In each patient category, however, the prevalence of the BPW was much higher when DIC was diagnosed. On average, the BPW prevalence was 59.2% or 47.9% when DIC was assessed by the ISTH or the Japanese DIC score, respectively. When DIC was diagnosed, the prevalence of the BPW was particularly high (75.0-86.4%) in pa- tients with infection. This indicates that the sensitivity of the BPW for DIC may be dependent on the underlying disorder. In previous reports (17, 18) from Japan, infection was not markedly high among underlying diseases of DIC. In the present cohort, infection accounted for only about a quarter of all DIC cases. In a previous UK study, DIC was diagnosed in 30% of ICU patients, with sepsis as the most common underlying disorder. In that study, the BPW showed a sensitivity of 93% for DIC (13) . Note, however, that this study used a much more sensitive slope-1 threshold value of -0.1%T/sec. Compared with our cohort, a recent German study in ICU patients showed a very similar DIC prevalence of 19% but a much higher frequency of infection (50%) in the overt DIC subgroup (15) . At the same threshold (-0.25%T/sec), the BPW showed a sensitivity of 46.9% which compares favorably with our study. The German study also investigated the effect of various threshold values for slope-1, and the sensitivity for DIC increased to 67.2% when the threshold was increased to -0.05%T/sec. Thus, not only the type and frequency of underlying diseases but also the cutoff value for slope-1 is a determining factor in the sensitivity of the BPW for DIC.
Since the development of BPW is a consequence of the formation of LC-CRP, a divalent metal ion-dependent complex of CRP and lipoproteins (13) , its occurrence is dependent on the acute-phase response. Thus, the BPW may occur in a variety of disorders characterized by inflammation. Indeed, in our study the prevalence of the BPW was highest in patients with infection, particularly when complicated by DIC. Sepsis is known to be the most common cause for DIC, and in this syndrome the LC-CRP complex may also have a pathogenetic implication because of the reported enhanced procoagulant activity of the lipoprotein fraction (19) . In our study we also observed the BPW in a variety of noninfectious disorders. In patients with venous thromboembolism, autoimmune disease, or cerebrovascular disease, the BPW even appeared in 10.5-12.5% of cases without DIC. This indicates that inflammation in general, not just infection, may cause the abnormal BPW response as a result of the acute phase response.
The BPW showed a moderate sensitivity but a high specificity for DIC. The association of the BPW with DIC was highly significant, with odds ratios of 29.9 and 19.0 for the ISTH and Japanese DIC criteria, respectively. For detecting DIC, the utility of hemostatic molecular markers such as D-dimer, thrombin antithrombin complex (TAT), and antithrombin have been described (20) . Compared to these markers, however, the detection of the BPW from analysis of aPTT waveforms is cheaper and more rapid. The early predictive and prognostic relevance of waveform analysis potentially provides a practical tool in assigning risk in critical care patients, in whom DIC development is known to have a worse prognosis. The BPW pattern should be examined in various underlying diseases of DIC, especially infection, trauma, and burns.
